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Xho  art  0*  corrooior.  prevention  of  on  airfraae  is  edvnnoing  through  the  increas¬ 
ing  use  of  faying  surface  sealing,  "vet"  installation  of  fasteners,  and  related 
corrosion  prevention  techniques.  It  ie  suspected  in  a  recent  civil  jet  air¬ 
craft  accident  viiere  an  outboard  tank  exploded  that  a  li/^tniny  strike  to  the 
wing  tip  vis  tiie  source  of  ignition.  This  situation  has  caused  the  Lockheed* 
Georgia  Scnpony  to  review  electrical  bonding  of  aircraft  structure  in  relation 
to  corrooion  inhibiting  techniques.  Thio  review  chows  that  environmental  seal¬ 
ing  no*  used  and  cor. teap luted  for  the  inaedi  .te  future  ay  result  in  a  lack 
of  i3’t  il-te-r.etal  contact  of  ctrcsturov  aid  that  this  could  produce  a  nnfety 
has-ird  in  integral  fuel  tank  areas.  In  view  of  trie  safety  expects  of  the  situa¬ 
tion,  Lockheed  believes  it  is  essential  to  positively  detamine  the  electrical 
beading  existing  when  these  new  environmental  sealing  teainiqucs  ore  used. 

This  proposal  defines  a  teat  and  evaluation  projfij*-  intended  to  determine  the 
electric ll  eowiuctivity  of  structure,  down  to  the  individual  fastener,  when 
various  combinations  of  enviraeaontal  sealing  are  used. 

A  total  of  3-  spi-cinens  a-<*  built.  They  are  divided  into  t«o  ldei.tio.-l  sets 
of  butt  joints  of  13  per  set,  two  control  sfaelaeua  for  instrurentatiot  check 
and  calibration,  and  four  wing  joint  epeeixeas  of  two  canfi;,\»r^Uc«w  no  shown 
on  Ji puree  -4  and  .'.5*  Cue  set  of  butt  joints  is  investigated  for  conductivity 
before  Mid  after  enviroiyocntcl  cging*  The  second  not  of  butt  joints,  la  invest!- 
gated  by  Ll^ftning  and  Transients  descareh  Tr.i  titulo  before  ;tJ  after  environ- 
Dental  agin*.  The  four  wing  joint  specifies*  are  also  investigated  V  be¬ 
fore  and  after  envirotaaoatul  aging. 
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Cool  electrical  bonding  of  the  alrfraae  b*s  long  been  m  airplane  4e«lf^»  rc- 
qolr**»nt.  this  T*  to  ensure  lightning  protection,  electrical  current  re¬ 
turn  paths,  the  prevention  of  Interaction  between  electronic.  e%ulp*ent, 
hotcweaeous  ground  pluses  and  path*  for  antennas,  the  control  of  precipita¬ 
tion  static  and  radio  frequency  Interference,  end  the  eiinlnwtioo  of  electri¬ 
cal  potential  difference*  between  structure*  which  eight  g-n-rate  arcing  to 
create  «*;  lotion  hararia  or  shock  harards  to  personnel.  C*.«aJ»rt  aircraft 
construction  practice*  ievelojrpd  over  the  year*  have  proved  satisfactory  in 

.»  e 

the  past,  tut  the  following  factors  require  a  re-evaluation  of  electrical 
loading.  A  recent  civil  aircraft  aeeli-at  where  llgotafaf  was  the  suspected 
cause  has  initiated  intensive  studies  by  both  go*erRs»nl  end  industry  of 
lt^itning  her  aria,  with  particular  attention  to  ftu=l  syrteas.  >Vv  anti¬ 
corrosion  techniques,  using  a  ceiling  ropocsj  between  sll  u-tal-to-Mta) 
surface*  sol  installation  of  futbrer*  Vt",  aop^sr  coaster  to  guoi  electri¬ 
cal  bealtr.*  technique*. 


Recently  the  If.  S.  Air  Fores  has  a* be!  lo.'kheed  for  1"?  action  to  *n*»tv»ljf 
lutr-ase  lh-  envlroraental  settling  cf  C-l^lA  aircraft  oi<  -vterior  »irfm, 
Join* a.  Be*vc«  of  the  eon%*ucctlca  Of  this  Air  Force  proposal  eal  t's*  sas- 
pact*!  des true* to**  of  a  Jet  aircraft  by  lightning,  to:Vhee *  believes  that  a 
«s*eful  study  wai  be  conducted  of  electrical  loodiag  «*ta  wl  without  the 
irspceel  *evircnx«oUl  *eall*c  techniques.  lbi«  report  prop  ones  *  progrns 
that  Willi 
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on  <*l:ctric*l  current 
fio*  raid  electrical  bonding  of  the  teat  rp-cieen*. 

(2)  Det^rrine  the  effect  on  eurr*r.t  flosr  and  note  .uy  differences  between 
epeoinen*  *h*n  sixul^-Ud  li.;hir.irv;  atrikeo  re  di.’chr.T'jei  thro'\;h  the 
t»ut  sjeciaene. 

(j)  Coapire  the  observed  test  resuita  in  or ter  to  determine  if  she  uro- 
pored  ever  os  ten  protection  la  dcirisv-ntnl  to  elictric  tl  bond  in,;* 

l  detcralnMtlon  of  the  Oj-putuie  cf  the  detri.-.  •*  til  effects,  if 
any,  v.d  their  effect  on  the  0-141  irapr.es  thill  V.  .ctr -nlt.-'ied 
tcrcujh  jclnt  LdC-diO  -.ction.) 
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The  viy  cho3cn  ti  evaluate  the  slentcieal  bonding*  characteristics  of  C-H1A 

airframe  corns trustion  la  by  electrical  .uoauurauontB  male  on  standardized  evalua- 

/  ■  __ 

tion  specimen*.  Our  rout  io  paused  through  tha  specimen  and  the  current  flow  la 
ds  terr-inod  by  measurement  of  the  voltage  drop  along  the  surface  of  the  specimen. 
Thi3  tochnique  discloses  the  current  distribution  around  the  individual  fasteners 
as  well  as  throughout  the  rest  of  tha  aVyoiiwr  sheet.  Appendix  A  specifies 
the  samples  that  ure  constructed  us  in-,'  a  variety  of  faying  surface  finishes, 
fasteners,  and  fastener  installation  techniques,  fable  [  calls  for  two  sets 
of  epc-cinents  of  13  each,  totalling  26.  One  of  these  seta  is  used  for  con¬ 
ductivity  tests  while  the  other  i.a  bo  in,;  investi/y<tei  frow  alivhtninp  ctand- 
point. 

In  addition,  two  reference  specimens  are  built  in  accordance  with  figures  A-2 
and  A— 3  to  nerve  -33  controls.  One  is  a  continuous  length  of  aluminum.  The 
other  j,s  built  with  a  duple  insulated  butt  joint  ar.d  conducting  fasteners, 
civas  specimens  son’s  to  chech  the  uev-curing  equipment  and  ac  a  standard  of 
comparison  for  the  t valuation  specimens. 

The  current  distribution  measuring  technique  i3  described  in  Appendix  3.  A 
do  current  is  passed  through  the  sample  and  tl*e  voltage  drop  is  measured  at 
tile  surface  of  the  aluminum  with  a  microvol taotar.  Lines  of  constant  potential 
are  drawn  on  the  sample  and  the  current  distribution  is  deduced  from  tho  f&ot 
that  current  flows  perpendicular  to  ccnatant  potential  lines.  ' 
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'f.ie  apeuitnas  are  first  sicataved  in.  the  nevly  f&Hfl sated  condition  to  deter¬ 
mine  their  Initial  at'-.tua.  fha  apeoi.ieus  aro  tmsa  on/ i ronton tal ly  a._*ed  for 
•  50  day*  :*a  specified  in  Ap?e:tdds  V  end  a^ain, ^e-'ieurad .  'Ain  shove  tho  de¬ 
terioration  in  electrical  conductivity  after  this  pov-jssiy  accelerated  aging 
procesn. 

As  far  ng  ia  known,  ssoaaroi-outa  ox*  t.,o  type  described  ia  Appendix  J  have  not 
■i!«on  riona  before.  .'he.*.*  are  as  luvr-n  i^padenenta  t>  this  method,  However,  it 
ii  pointed  out  that  ehnn;ee  in  technique  could  be  required  duria»  the  course 
of  the  work. 
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The  purpose  of  striking  evaluation  specimens  with  laboratory-produced  uinulat- 
ed  lightning  is  to  determine  the  effects  of  the  high-magnitude  transient 
current  on  these  assemblies  that  arc  similar  to  the  construction  used  in  the 
C-.141A  aircraft. 

The  possibility  of  sparking  inside  the  sing  fuel  tanks  as  a  result  of  a  lightn¬ 
ing  strike  is  of  particular  concern  at  the  present  tine. 

Two  configurations  are  called  for  that  are  particularly  intended  to  disclose 
any-  possible  fuel  ignition  hazards.  figure  .1-4  shows  the  construction  of  one 
that  closely  simulates  the  C-141  midwing  panel  splice.  The  wing  panels  ore 
continuous  from  wing  tip  to  this  splice  and  then  to  the  fuselage  attachment. 

The  second  is  shown  in  Figure  1-5  and  shows  the  construction  of  the  wing  tip 
bulkhead  to  panel  joint.  1'oth  of  these  joints  are  wetted  by  fuel  on  one  side. 

It  in  essential  that  they  provide  a  lor  resistance  non-sparking  path  for 
currents  resulting  from  a  wing  tip  strike.  Two  specimens  of  the  Figure  .*4 
anil  A-5  configurations  are  constructed  with  finishes  and  sealant  identical  to 
the  actual  C-l/.l  airplane.  Two  more  specimens  ore  made  using  an  experimental 
conductive  soalant  that  may  have  advantages  over  tho  presently  used  sealant. 
Those  four  specimens  are  investigated  for  lightning  conductivity  characteristics 
in  the  "new"  condition.  They  are  then  environmental lly  aged  as  specified  in 
Appendix  A,  and  nguin  evaluated. 
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1.  Spcoiaetis  aiauluting  typical  aircraft  joints  or*  constructed  os  shown  in  • 
Figure  A-l.  The  choaioal  finish,  organic  finish,  and  type  fasteners  ore 
shown  in  Table  .Wit 
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Kt?3  It  Clad  7079  -  HWC-5541  clear  conversion  coating  for  all  samples,  here 
7075  uplloe  pistes  -  KXWC-554I  colored  conversion  coating  for  all 
eaeplee.  Outer  shin  is  to  Mods  unpointed*  Inner  skin  is  ooated  with 
one  ooat  *f  VI  UP-3585  sino  ehros.te  prlner*  Splice  plate  is  ooated 
(overall)  with  two  soils  of  sli'O  ehraeate*  fhe  first  coat  is  cured 
before  npyl/ing  the  seoona. 
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(a*\J3!i3  A-I  oontinuad) 

:ms  2 1  Ii5  20426-105  Bivetn  -  Install  per  l\G  0581. 

!K,?S  3«  S:£  lOOTfi-S  Lockbolto  raid  6IC-CS  Collar  -  Install  per  LAC  0531  and 
DS  5041. 

:,v:E  4$  SL  51-6-5  Ill-Look  and  KI  90-6 A  Collar  -  Install  per  UC  0531  and 
3S  5055. 
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In  addition  to  the  abovo  tent  cpccictnn,  two  tpocir.or.o  are  constructed  no 
Dhovm  in  Fifruroo  A-2  and  A- 3  for  control  and  reference  purpooos. 

After  conducting  the  oleotrloal  too  to  oalled  for  in  Appendix  B,  the  campion 
of  Table  A-I  are  environmentally  agod  and  re-teeted. 

For  tho  purpose  of  environmental  aging,  tlia  following  oyele  ic  ueod  for  a 
period  of  30  dnyei 

•  i.'. 

CYCLE  -  ' 

1.  Immoroo  in  alkaline  oleanor  1  mitmto  -  aot  for  1  hour* 

2,  llinoo  in  water  -  dry  150°f  for  1  hour; 

3,  Immoroo  in  strippor  1  ninuto  -  oet  for  1  hour. 

4.  ilinao  in  wntor  -  dry  150°F  for  1  hour* 

3*  Immoroo  in  brlghtener  for  1  ninuto  -  oet  for  15  minutes. 

(>.  iUnwo  in  water'-  Ary  130°r  for  1  hour. 

7.  Ucuther-o-aetor 

Alkalino  Cleaner,  HIl-C -2576$) 

10-1  dilution  with  water 

Paint  Utrippor,  MIL-r\-25134 
concentrated 

ISriyhtonwr,  Cue  Deo  Chemical  Company  (D-55) 
conoontrutod 
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12  INCH  WIDE  SPECIMEN  f  1  ^ 
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'-TLI00-4  a  TLNIOOO  INSTALL  J 

PER  LAC  ; 

1510  AT  < 

— LS30I54  5D  SPACING  ' 

SEE  3W2I230  : 

FIRST  SPECIMEN: 

ALU  PARTS  7075-T6 

SULFURIC  ACID  ANODIZE  ALL  PARTS  PER  MIL-A-8625 
APPLY  ONE  COAT  MlL-C-27725  PER  6-639 
FAY  SEAL  WITH  MIL-S-8802,  CLASS  B  SEALANT 

SECOND  SPECIMEN: 

SAME  MATERIAL  AND  TREATMENT  AS  ABOVE,  EXCEPT  THE  FAY 
SEALANT  IS  A  CONDUCTIVE  SEALANT 


FIGURE  A4  -MID-WINGPANEL  SPLICE 
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FIRST  SPECIMEN: 

ALL  PARTS  7075-T6 

SULFURIC  ACID  ANODIZE  ALL  PARTS  PER  fvilL-A-8625 
APPLY  ONE  COAT  MIL-C-2772  5  PER  G-639 
FAY  SEAL  WITH  MIL-S-8802,  CLASS  B  SEALANT  ' 
INSTALL  FASTENERS  WET  WITH  MIL-S-8802  SEALANT 

SECOND  SPECIMEN: 

SAME  MATERIAL  AND  TREATMENT  AS  ABOVE,  EXCEPT 

THE  FAY  SEALANT  IS  A  CONDUCTIVE  SEALANT 

? 


FIGURE  A5-WING  TIP  BULK  HEAD  TO  PANEL  JOINT 
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I,  2*agssl 

Tha  ultimate  objective  of  the  toe*,  program  ia  to  determine  tit#  electrical 
current  distribution,  and  hence  bonding  effective not* a  through  sample 
structural  specimens  vhich  are  representative  of  all  type*  of  joint*  and 
fasteners  in  use  in  C— 141  aircraft  construction. 


Before  the  start  of  actual  testing  the  tvo  reference  speeiiWMW  are  examined 
to  define  reference  current  distributions  in  aat.plee  : taring  no  joints, 
and  joined  sample*. 


II.  ?eat  ^ulpcent 

Concept  -  Current  flowing  in  a  conducting  material  of  !aio*n 
physical  dissensions  and  knovn  reeistivity  way  be  determined  by  pleasuring 
the  voltage  dr>p  across  the  material.  The  method  used  in  this  Invoati- 
gallon  expl oyn  a  d-c  power  source  connected  across  the  test  speoimen  in 
series  with  an  adjustable  load  han’t.  Hie  current  through  the  8peai.  cn  is 
adjusted  to  5*1  amperes  and  tho  roltvj-es  between  one  end  of  the  specimen 
and  o ther  points  on  its  surface  are  measured  with  a  sensitive  riorovoit- 
eeter.  Lines  are  than  drawn  through  points  of  constant  potential,  .'lace 
current  always  flows  at  *  right  angle  to  a  oonsUat  ootantial  line,  these 
lines  fora  a  gradient  »ap  of  the  current  flow  pattern  in  the  speoUen.  . 


h 

t 


feat  Setup  -  The  test  setup  1*  shown  In  Piipir*  B-2.  The  jpeclceu 
to  b*  tested  ia  fastened  securely  to  *  nonconducting  bus  and  th*  current 
three,  ji  it  is  rdjusted  to  50  scpcrift  by  adjustiiig  the  re»i#  tom  of  the 
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/  (.PLACES) 


26V  CC  SOURCE 


r£$T  SAMPLE 


-T40.  4  GAGE  WIRE 
iNTO  MS25036-I2 
LUG  (2  PLACES) 


MASI003-1  )  NON  MAGNETIC  BOLT  (2  EA)  TYP 
LStdl-ll  ALUMINUM  Y.’ASHER  (  i  EA) 


NASI02I03  NUT  C.  EA)  TYP 


NOTE: 

1.  TEST  SAMPLE  CLEANED  EACH  SIDE 
BEFORE  INSTALLATION  OF  BOLT 

2.  BOLTS  TO  BE  TORQUEO  TO  30  IN  LBS. 


FIGURE  B  I -ELECTR»CAL  DIAGRAM  OF  TEST  SET-UP 
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?eat  Setup  Continued  -  load  bank.  The  ground  lead  of  the 
aicrovoltweter  is  attached  to  th*  sad  of  tho  panel  where  tbs  d-c  power 
lead  is  ooaitaotsd  sad  ths  probe  is  uo«d  to  nsaaur*  ths  voltngs  betveea 
that  point  and  any  other  point  on  ths  surfs os  of  tbs  speeloen. 


Points  on  tits  surfsos  of  ths  specimen  having  ths  sans  potential  will  be 
marked  and  a  line  drawn  through  then  representing  a  constant  potential  11ns. 
These  o one  tan t  potential  lines  will  be  drawn  at  regular  intervals  along  ths 
surface  of  ths  specimen.  In  ths  area  of  ths  Joint,  additional  ocnstrmt 
potential  lines  will  bo  drawn  in  order  to  provide  a?  couplets  a  Mp  of  ths 
current  distribution  aa  possible.  The  meter  gr'.und  lead  will  be  roeoved 
froa  the  end  of  the  apsoinen  and  placed  on  a  constant  potential  line  in  the 
area  of  ths  Joint  for  oCdng  those  addUnoal  lines.  This  allows  ths 
sensitivity  of  tho  aiorovol taster  to  be  increased  in  order  to  improve  the 
resolution  of  ths  lines  in  this  area. 


In  addition,  ths  potential  of  each  of  th#  fastener*  will  bo  r*,u»ured  and 
record e3  along  with  that  of  the  Vx’<  plats  of  the  Joint.  The  resistaoe*  of 
the  entire  specimen  will  also  be  dster.iitel  tgr  rteasurlnt  ths  potential  drop 
froa  one  end  of  the  a peels vn  to  ti<s  ether. 

Reference  fps-lcants  •  ta  to  define  effect*  of  earl sue  test 
setup  panueUrs  not  directly  a*4»clit*d  with  ths  test  specimen*  It  is 
necessary  at  program  trMDM^al  to  run  several  tests  on  two  rsfsroass 
spstiaeaa.  The  fleet  reference  apscl.eu  Is  a  osatliwooe  sheet  of  structural 
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ft  1  nr.  1  nun  h*wi n,;  no  joints.  Toots  on  this  panel  sJmjw  nonr.il  current 
distributions  And  psr.it  evalw.llon  of  tna  effects  of  power  electrode 
attachment*  on  the  distribution.  the  rofere n*e  apeoiron  hvus  a 

butt  joint  wiuen  ie  elec  trisally  insulated  40  th.it  the  :*«-»  toners  alone 
vili  conduct  across  the  joint,  -Jests  to  determine  curront 

distribution  ti»rcu,th  these  fasteners.  Certain  fasteners  arc  then  rojer/od 
a.-ijueatiall/  to  aiuulate  installation  of  electrically  iosulntod  ;'_s  toners 
sc  that  thair  a  Tracts  ou  tlie  current  thrmj*  *J.e  swmiain.;  ftuitenen 
are  .lotcrdui-i.  This  procedure  permits  t he  tact  opera  tors  to  loo’c  Per 
h.«tss  conditions  during  actual  tests.  Otnu.vsp-ioi.ens  ray  be  -rad?  .is 
rteuired  ei  :.ul*te  cay  unusual  recult*. 


